
ARCO Alaska, Inc.
Post Office Box 360 
Anchorage, Alaska 99510 
Telephone 907 277 5637

November 21, 1983

Mr. Mike Johnston
Chief, Air Operations Section
Region X
1200 Sixth Avenue 
Seattle, Washington 98101

Mr. Doug Lowery 
Regional Supervisor 
Alaska Department of

Environmental Conservation 
Pouch 1601
Fairbanks, Alaska 99707

SUBJECT; Compliance Test Results 
PSD-X82-01 
8336-AA002

- Kuparuk River Unit

Dear Sirs:

Please find a copy of the NO compliance tests performed on a drill site heater (D^14) and a 14,000 HP 
gas-fired turbine (C2101C) on September 20 and 21, 1983. 
Both units are included in the Central Production 
Facility's (CPF-1) air quality permits. The units were 
tested by Chemecology Corp. of Bakersfield, California, 
and witnessed by Robert Russel of Pedco, representing 
EPA Region X.

If you have any questions, please contact me at (907) 
263-4307.

Sincerely,

(Lic(/r—-
Alan J. Schuyler^
Senior Engineer 
Regulatory Compliance

AJS;tlh-0031

Attachment

cc: D. Estes, ADEC-Juneau
S. Torok, EPA-Juneau

- w/attachment
- w/attachment
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INTRODUCTION

On September 20 and 21, 1983 Chemecology Corporation performed an 
emissions source test for Arco Alaska Inc. on their Drillsite Heater 
(Drill Station 1-Y) and Turbine Compressor Unit (CPF-1), respectively. 
The purpose of the test was to document compliance with EPA Region X 
(PSD-X82-01) by monitoring flows, NOx and O2.

/The units tested consist of a Black, Sivalls & Bryson 10 MMBtu/hr 
Production Heater and a General Electric 14,000 HP Compressor Train Gas 
Turbine located on the Kuparuk Lease, North Slope, Alaska. Both units 
were fired on lease natural gas and were operating under normal conditions.

Emissions of NOx and 0^ of both units were determined by using the 
following methods:
Par»ameter
NOx

Fixed Gases
HgO
Flow Rate 

Fuel Analysis

Method
Chemiluminescent Analyzer 

Paramagnetic Analyzer 

EPA Method #3 

EPA Method #4 

EPA Method #1 & #2 

Gas Chromatograph

# Runs/Unit 
3 

3 

3 

3 

3 

1

All sampling and analysis was performed by Chemecology personnel 
except for the fuel samples which were analyzed by Arco's lab.

Andy Winlcler, Analyzer Technician and Leslie Johnson, Stack Sampler 
and Project Supervisor for Chemecology Corporation performed the source 
test. Robert Russel, of Pedco observed the test procedures for EPA 
Region X. Alan Schuyler of Arco Alaska Inc. directed the testing of the 
Heater and Turbine.
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HEATER PROCESS DESCRIPTION

The drill site heater at Drill Site lY is used for 
heating produced fluids from the sixteen oil wells which 
are also located on the lY drill pad. The fluids from 
these wells are commingled on site and then passed 
through the heater. Once the fluids have been heated, 
the produced fluids flow through insulated pipelines to 
the central production facility where oil, gas, and 
water are separated. To assist in the production of 
these wells some of the gas which was separated at the 
central production facility is returned to the drill 
sites. This gas is used as the fuel for drill site 
heaters and is also reinjected in various wells to 
assist in fluid production. The lY drill site heater 
has two stacks which provide for two separate burners 
and exhaust streams. The heater can modulate between 0 
and 100 percent of design capacity dependent on total 
fluid production. During the compliance test the heater 
was at 50 percent of capacity.

During the test on September 20, 1983 about 29,000 
barrels per day of produced fluids were being produced 
from Drill Site lY.

During the test period the measured temperature of inlet 
fluids to the heater was 97.5®F and the exit fluids were 
measured at 117.5°F. Thus the heater accounted for a 20 
degree change in fluid temperature.
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TURBINE PROCESS DESCRIPTION

Turbine train 'C (C2101C) was tested on September 21 at 
Central Production Facility 1 (CPF-1) for compliance
with NO emission standards. The turbine is used as a 
prime mover for two Dresser-Clark centrifugal compressors 
which compress gas in two stages from 70 to 1400 psig 
(pound per square inch gauge). This compressed gas is 
then returned to the individual drill sites to assist in 
the production of fluids from the wells or reinjected 
into the gas cap of the Kuparuk reservoir. During the 
test period various operating parameters were measured 
to determine horsepower of the unit while at specific 
operating conditions. Turbine speed, inlet air tempera
ture, inlet pressure losses, exhaust stack pressure 
losses, compressor performance data, and fuel rate were 
among the parameters measured.

The shaft horsepower into the compressors was calculated 
to be 14800. As a double check the turbine horsepower 
was estimated at 14600 HP using GE turbine performance 
curves.
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SUMMARY OF RESULTS

i



Arco Alaska

SUMMARY OF RESULTS: NOx Permit Conditions

Unit

Heater DS-IY

Turbine CPF-1 (C2101C)

Allowable NOx Emissions

0.10 lb/10° Btu «

16Q. ppm @ 15% Og

\J See Appendix 2 for calculation of this permit condition.

Actual NOx Emissions

0.058 lbs/10° Btu

4I2I ppm @ 15% O2

-o01

ro

o-h

O



NOx Emissions Summary 

10 MM Btu/hr Heater 

DS-IY

o.oe

Legend
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14,000 HP TUrbine-C2101C
CPF-1

200-1

150-

100-

Legend
O Permitted 

E] Test



Arco Alaska

SUMMARY OF RESULTS: NOx Emissions

Source

Heater DS-IY

ppm

56

Turbine CPF-1 (C2101C)

Actual Conditions

English Units

Ibs/MMBtu Ibs/hr

0.058 0.43

0.445 61.4

Metric Units
gms/joule grms/sec

2.5 * 10 -8 5.4 * 10-2

1.9 * 10 -7 7.7

-T3
Ol

ro

okO



Arco Alaska

SUMMARY OF RESULTS; Unit Operating Conditions (English Units)

Unit

Heater DS-IY 

Turbine CPF-1 (C2101C)

%C0o(dry) . %0g(dry) 4

12.2

1.5

io.i f

16.9

Volume
Stack Velocity Flow

%H,^Q Stack Temp(°F) (fps) (DSCFM)w

12.3 965 18 1,080

4.4 895 143 89,600

■a
OI

uam

o-h

O
VO



Arco Alaska

SUW1ARY OF RESULTS: Unit Operating Conditions (Metric Units)

Unit %C0o(dry) %09(dry) ^0

12.3

Stack Temp(°C)
Stack Velocity 

(itips)
Volume Flow
(Cubic Meters/Sec)

Heater DS-IY 12.2 0.1 518 5.5 0.51

Turbine CPF-1 (C2101C) 1.5 16.2 4.4 479 44 42.3

-aOJ

o-h

O
VO
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EPA METHOD #1/2/3/4/ DATA
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COMPANY:
UNIT:
DATE;

ARCO ALASKA 
HEATER DS-IY 
09-20-83

EPA METHOD #l/2/3/4 FIELD DATA

SITE :
RUN# ; #1 #2 #3TIME : 1620 1800 1835
V m - Dry sampled gas volume, dcf 20. 15 18.50 17.95Y — Meter calibration -factor 0.986 0.986 0.986P-bar — Barometric presure, in Hg 29.92 29.92 29.92P-static — Stack static pressure, in H20 -0.08 -0.06 -0.08delta-H — Di-f-ferential meter press, in H20 0.00 0.00 0.00T m Meter tempurature, deg R 505 498 497
Vm(std) - Std sampled gas volume, dscf 20 . 78 19.35 18.81

V Ic Volume o-f water collected, gms 75.3 45.2 59.5
B ws - Water vapor fraction 0. 144 0.098 0. 128MF Moisture factor 0.856 0.902 0.872

C02 y. dry volume 12.0 12.3 12.402 — 5i dry volume 0.0 0.0 0.0N2 y. dry volume 88.0 87.7 87.6
MW-dry - Dry molecular weight 29.92 29.97 29.98MW-wet Wet molecular weight 28.20 28.80 28.45

C p Pitot tube coefficient 0.80 0.80 0.80Jdel ta-P — AvgCsqrt<Pitot readings)], "H20 0. 17 0.22 0.20T s Stack temperature, deg R 1425 1430 1420
V s - Stack velocity, ft/sec 15.4 19.7 17.7

A s Stack area, sq.ft. 3. 14 3. 14 3. 14
Q s - Std volumetric flow rate, dscfm 919 1236 1079
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COMPANY: ARCO ALASKA
UNIT: TURBINE CPF-1 (C2101C)

1 DATE: 09-21-83
✓

1
■ SITE :

EPA METHOD #l/2/3/4 FIELD DATA
•

1 RUN# : #1 #2 #3
TIME : 1120 1215 1355

1 V m — Dry sampled gas volume, dc-f 21.00 20. 10 20.56
Y — Meter calibration factor 0.986 0.986 0.986
P-bar — Barometric presure, in Hg 29.65 29.65 29.65

1 P-static — Stack static pressure, in H20 0.70 0.76 0.70
delta-H — Differential meter press, in H20 0.00 0.00 0.00

•
T m — Meter tempurature, deg R 505 505 505

Vm<std) - Std sampled gas volume, dscf 21.46 20.54 21.01

V Ic Volume of water collected, gms 15.5 22.3 25.4

1 B ws — Water vapor fraction 0.032 0.048 0.053
MF Moisture factor 0.968 0.952 0.947

1 C02 7. dry volume 1.5 1.5 1.4
1 02 — 7. dry volume 16.5 16.6 16.5
1 ; N2 7. dry volume 82.0 81.9 82. 1

MW-dry — Dry molecular weight 28.90 28.90 28.88

1 MW-wet — Wet molecular weight 28.55 28.38 28.31

1 C p Pitot tube coefficient 0.80 0.80 0.80^elta-P — AvgCsqrt(Pitot readings)], "H20 1.64 1.66 1.64

1
T s Stack temperature, deg R 1350 1355 1355

V s - Stack velocity, ft/sec 141.8 144.3 142. 1

A 5 Stack area, sq.ft. 28.27 28.27 28.27

1 Q 5 - Std volumetric flow rate, dscfm 90338 90130 88287

1
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INITIAL MOLECULAR WEIC-FT AM) PERCENT t’ATER

REN: EPA, Code o.f Nerieral Rerul/tions, Title 40, Part 60. AoDendijc A
Method 3 aad 4, 1981 . - ,

: Conner, W. D. and J. S. Nader, Air Saarolln/f with Plastic Ba»s, J/I^^
25:291-297, May - June, 1964 ■ . - -

MOLECULAR WEIGHT:

Saaplinpr Procedure:

A stainless steel probe with glass wool plug was Inserted into the duct.
A hand punp or an electric peristaltic pump was attached to the orobe, 
followed by a rubber bladder sample container. The samnling lines were 
flushed with sample, then the bladder was ♦‘illed by pumping duct gases 
into the bladder.

Analytical Procedure;

The bladder was analyzed by Orsat ^or dry percent CO2, Op and Np. The 
bulb of the analyzer was flushed with sample then filled at ambient 
temperature and pressure. Carbon dioxide was determined by absomtion 
in potassium hydroxide; oxygen in Oxsorbent and nitrogen b”- difference. 
Replicate runs were made until agreement was reached. TThen in'^icated 
ppm range CO was determined by Prager tube. *

PERCENT WATER:

Procedure 1: (EPA, Method 4, Condensation »'ethod)

A tared condenser and drying tube were inserted in nlace of the snent 
molecular weight apparatus. VJhere possible the orobe was heated above 
225°F. A dry gas meter was attached downstream of the pump. Sampling 
was maintained at a constant rate of approximately 0.5 CFM’. Percent 
water was determined by the increase in weight at the condenser and drvinp 
tube plus the meter data.

Procedure 2: (Saturated Duct Gas)

VJhen at or above saturation, gaseous percent water was calculated directly 
from the average duct temperature and pressure by psychrometry.

Procedure 3: (Wet-Dry Bulb)

Two thermometers, one within a water saturated wick, were Inserted into 
the duct gas stream. At equilibrium the two temperatures were recorded. 
Gaseous percent water was calculated from the wet and drv bulb tempera
tures by psychrometry.
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VEI^CITY TVAVEPSl AND VOLUME Ft>CW RATE

REF: Environmental Protection Agency, Code of Federal Regulations,
Title 40, Part 60, Apcendijc A, Method 1 and 2, 1981 

Bay Area Ai^MD, Manual of Procedures, San Francisco, CA, Method St-17 
January, 1982

ASME Performance Test Code #27, New York, NY, 1957
AS1?-J D-2928-71
Western Precipitation Division of Joy Manufacturing, WP-50, 1968

PROCEDURE:
Duct temperature and velocity were read at each of several traverse ooints 1/ 
within the duct. The number and location of traverse points was chosen 
to aid in the extraction of a representative sample (l.e. by ERA Method 1). 
Velocity head was determined using a calibrated type "S" pitot tube and 
Magnehelic differential pressure rau«Te. Duct temoerature was measured by 
means of a thermocouple attached to the pitot tube. Static oressure was 
measured with the Magnehelic and one leg of the pitot tube. Using the 
molecular weight and traverse data, velocity was calculated at each traverse 
point. From the average velocity, duct area, temperature, pressure and 
composition, actual and standard gas volume flow rate were calculated for 
the duct.

CALCUUTICMS:

Performed by computer based on the following equations:

1,/ Duct temperature was not measured at each traverse point. A temperature 
probe was inserted at each port and used for each traverse.
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METHOD 2 STACK GAS VELOCITY AND VOLUMETRIC FLOWRATE

Average Stack Gas Velocitv

Static Pressure, "H2O"

P. * Ph*, ♦ P,

V* > KpCp (/IT) s(avg)
PsM,

Average Stack Gas Dry Volumetric Flow Rate

60 V
\T,l,vg>) J

■ scfm

METHOD 3 DRY MOLECULAR WEIGHT OF STACK GAS

Eq. 2-6

Eq. 2-9

Eq. 2-10

Mjj » . 0.440 (%C02> + 0.320 (%0^ + 0.280 (%N2 + %CO) Eq. 3-2

Wet Molecular Weight of Stack Gas

Md (1-B^j) ♦ 18 (B^, )

■ -i
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METHOD 4 DETERMINATION OF MOISTURE CONTENT IN STACK GASES (Use when a moisture 
train Is run separately from other pollutant measurements.)

Volume of Water Vapor Condensed

'^wsg(std)

'^m(std)

B.

Pstd *^w - V.) Eq. 4-1

Where 0.04646 ft%l (? 520“R

(S>528*R

Volume of Water Vapor Collected in Silica Gel

Pstd Ww (453.6 g/lb)
» K2(W,-W|) Eq. 4-2

Where K2 = 0.04651 ft^/g 0 520“R 
O.OM?2 3 (^SZ8*R

Sample Gas Volume

VmY (Pm) (Tstd)
(Pstd) (Tm)

K^Y Vm Pm 
Tm

Eq. 4-3

Where K3 = 17.38 *R/ln Hg 0 520“R 
\7.(oS (3 528*^

Moisture Content 

^wc(std) + ^wsq(std)
Vwc(std) ♦ ^wsg(std) * ^m(std)

Eq. 4-4

^ws ^ ° ^ ^2^ 'n gas stream

MF . 1 - B,
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1 NOMENCLATURE
•k

1 A Cross-sectional area of stack (ft2)
Cross-sectional area of nozzle, (ft^)

■ ®ws “ Proportion of water vapor, by volume, in the gas

1 stream• Ca Acetone blank residue concentration, (mg/g) '!■

Cp Pitot tube coefficient, dimensionless

1 c; Concentration of particulate matter in stack gas,1

m dry basis, corrected to standard conditions.
(gr/dscf)

t
C$02 Concentration of sulfur dioxide, dry basis

1 corrected to standard conditions, (Ib/dscf)
CH2SO4 - Sulfuric acid (Including SO?) concentration.

■ corrected to standard conditions, (ib/dscf)

1 AH Average pressure differential accross the orificeV meter, (In H2O )

1 S Pitot tube constant, 85.1*9 ft (1b/1b-mole)(In Hg 1/2
m sec ( R )( In H2O)

Lp Leakage rate observed during the post-test leak check.
(cfm)

1 i—
01

■ Maximum acceptable leakage rate, (0.02 cfm or of
average sampling rate, whichever is less)

t L| Individual leakage rate observed during the leak check
conducted prior to the "i^^ '• component change, (cfm)

IHg ■ • Mass of residue of acetone after evaporation, mg.
«d Molecular weight of stack gas. dry basis, ( 1 b/1b-mole)

1 itin ■ Total weight of particulate matter collected, mg.
■ Ms Molecular weight of stack gas. wet basis, ( 1 b/1 b-imole)

Mw Molecular weight of water, 18 Ib/lb-mole

■ N Normality of barium perchlorate titrant.
1 (mil 1iequivalents/ml)

Ap - Velocity head of stack gas, (in. H2O)
• Pbar Barometric pressure at measurement site (in Hg)

1 Pg Stack static pressure, (in Hg)
Pm Absolute pressure at the dry gas meter

im Ps Absolute stack gas pressure, ( In Hg)

1 Pstd - Standard absolute pressure, 29..92 in Hg •• Qstd Dry volumetric stack gas flow rate, standard conditions.
(dscfm)

f R Ideal gas constant, 21.85 (in Hg ) (f13 )/(1b-mo1e)(*R)

■ Stack temperature, (*F)
Tm Absolute temperature at meter,f*R)

• Tstd ■ Standard Absolute temperature. (52Q-R) ■ 'S

T* Absolute stack temperature, (A6O" + t.)
Va Volume of sample aliquot titrated, (ml)
Vab. - Volume of acetone blank, ml

1 ■ Dry gas volume measured by dry gas meter, (dcf)
'^m( std )“ Dry gas volume measured by dry gas meter, corrected to

standard conditions, (dscf)

1 ^wc(std )■ Volume of water vapor condensed1 corrected to standard



'^wsgC std )■ 

Vic

Vf
Vl
''s
Vsol n

Pw
Pa

MF
%C02 
%0 2 
%C0 
%N2 
0.26^1 
0. 280 
0.320 
O.kkQ 
60
18.0
32.03
9
9l

9f

9,
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cond 11ions, (scf ) '
Volume of water vapor collected in silica gel corrected 
to standard conditions (scf)
Volume of water vapor condensed in impingers and 
silica gel• (ml)
Final volume of condensed water, ml 
Initial volume of condensed water, ml 
Average stack gas velocity, (ft/sec)
Total volume of solution in which the sulfur dioxide 
sample is contained (ml)
Volume of barium perchlorate titrant used for the 
sample, (ml)
Volume of barium perchlorate titrant used for the blank, 
(ml)
Final weight of silica gel or silica gel plus implnger,
(g)
Initial weight of silica gel or silica gel plus 
implnger, (g)
Dry gas meter ca1 ibration factor 
Density of water, (0.002202 Ib/ml @ 6a*F)
Density of acetone, (g/ml)(see bot11e^l abe1)
Moisture factor
Percent CO2 by volume (dry basis)
Percent O2 by volume (dry basis)
Percent CO by volume (dry basis)
Percent N2 by volume (dry basis)
Ratio of 62 to N2 in air v/v 
Molecular weight of N2 or CO, divided by 100 
Molecular weight of O2, divided by 100 
Molecular weight of CO2. divided by 100 
Conversion factor, (sec/min)
Molecular weight of water, (ib/lb-mole)
Equivalent weight of sulfur dioxide 
Total sampling time (min)
Sampling time interval, from the run beginning until 
first component change, (min)
Sampling time interval, between two successive component 
changes, beginning with the interval between the first 
and second changes, (min)
Sampling time Interval, from the final (n^*’) component 
change until the end of the sampling run, (min)
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EPA Method #4 
Condensation Train

Impinger if
1
2
3
4
5

Contents
100.mis 

50 mis 
50 mis 
Empty
200-300 grms Silica Gel

Distilled Water 
Distilled Water 
Distilled Water
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NOx & 02 BY INSTRUMENTATION



Arco Alaska

NOx & 0? INSTRUMENT RESULTS

\J Note; Averages for turbine are calculated with Run lA and IB as a single test run.

ppm coiUnit Date Run # Time ppm NOx SDCFM Ibs/hr to 15%

Heater 1-Y 9-20-83 1 16:45-17:15 0.1 53 920 0.35
2 18:20-18:50 0.1 58 1,240 0.52
3 19:05-19:35 0.1 56 1,080 0.43 -

Average: 0.1 56 1,080 0.43

Turbine CPF-1 9-21-83 lA 11:15-12:00 16.1 94 90,300 60.8 116C2101C IB 12:20-13:05 16.3 96 90,300 62.1 123
2 13:35-14:05 16.2 95 90,100 61.3 1193 14:20-14:50 16.3 97 88,300 61.3 124

i Average: 16.2 96 89,600 61.4 121

T3
(V

n
rotn

o-h

O
VO
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COMPANY: 
UNIT NAME: 
TEST DATE:

ARCO ALASKA 
HEATER DS-IY 
09-20-83

INSTRUMENT RUN #1

INTERVAL START FINISH 02(7.) NOx(ppm)

#1 16.45 16.50 0.2 93.2
#2 16.50 16.55 0. 1 93.0
#3 16.55 17.00 0. 1 92.9
#4 17.00 17.05 0. 1 93.7
#5 17.05 17. 10 0. 1 93.6
#6 17.10 17. 15 0.0 93.4

AVERAGE: 16.45 17. 15 0. 1 93.3

Units: ( 7. ) (ppm)

CALIBRATION DATA:

Initial ZERO 0.0 0.0
Initial SPAN 21.0 92.0
Final ZERO 0.2 1.0
Final SPAN 21.0 93.0

RANGE ( -full scale, V. or ppm ) 25 500
SPAN GAS VALUE < 7. or ppm ) 20.9 92.3

ZERO DRIFT ( 7. o-f SPAN ) 1.07. 1.17.
SPAN DRIFT ( 7. o-F SPAN ) -1.07. 0.07.

ZERO DRIFT ( 7. o-f RANGE ) 0.87. 0.27.
SPAN DRIFT ( 7. o-f RANGE ) -0.87. 0.07.
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COMPANY: 
UNIT NAME: 
TEST DATE:

ARCO ALASKA 
HEATER DS-IY 
09-20-83

INSTRUMENT RUN #2

INTERVAL START FINISH 02(7.) NOx(ppm)

#1 10.20 18.25 0. 1 56.2
#2 18.25 18.30 0. 1 57. 1
#3 18.30 18.35 0. 1 57. 1
#4 18.35 18.40 0. 1 57. 1
#5 18.40 18.45 0. 1 58. 1
#6 18.45 18.50 0.0 59. 1

AVERAGE: 18.20 18.50 0. 1 57.5

Units: < 7. ) (ppm)

CALIBRATION DATA:

Initial ZERO 0. 1 1.0
Initial SPAN 20.9 93.0
Final ZERO 0.2 3.0
Final SPAN 21.0 92.0

RANGE < full scale, V. or ppm ) 25 500
SPAN GAS VALUE ( y. or ppm } 20.9 92.3

ZERO DRIFT ( •/. of SPAN ) 0.57. 2.27.
SPAN DRIFT ( 7. of SPAN ) 0.07. -3.37.

ZERO DRIFT < 7. of RANGE ) 0.47. 0.47.
SPAN DRIFT ( 7. of RANGE ) 0.07. -0.67.



Page 28 of 109

COMPANY; 
UNIT NAME; 
TEST DATE;

ARCO ALASKA 
HEATER DS-IY 
09-20-83

INSTRUMENT RUN #3

INTERVAL START FINISH 02(7.) NOx(ppm)

#1 19.05 19. 10 0. 1 55.0
#2 19. 10 19. 15 0. 1 55.9
#3 19. 15 19.20 0. 1 55.8
#4 19.20 19.25 0.0 55.6
#3 19.25 19.30 0.0 55.5
#6 19.30 19.35 0.0 55.3

AVERAGE; 19.05 19.35 0. 1 55.5
Units: ( 7. ) (ppm)

CALIBRATION DATA:

Initial ZERO 0.0 0.0
Initial SPAN 20.9 92.0
Final ZERO 0. 1 1.0
Final SPAN 21.0 93.0

RANGE < -full scale, V. or ppm ) 25 500
SPAN GAS VALUE < 7. or ppm ) 20.9 92.3

ZERO DRIFT ( 7. of SPAN ) .. 0.57. 1.17.
SPAN DRIFT < 7. of SPAN ) 0.07. 0.07.

ZERO DRIFT < 7. of RANGE ) 0.47. 0.27.
SPAN DRIFT < 7. of RANGE ) 0.07. 0.07.
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COMPANY: 
UNIT NAME: 
TEST DATE:

ARCO ALASKA 
TURBINE CPF-1 
09-21-83

(C2101C)

INSTRUMENT RUN #1A

INTERVAL START FINISH 02(7.) NOx(ppm)

#1 11.15 11.20 16.2 94.8
#2 11.20 11.25 16.2 93.5
#3 11.25 11.30 16. 1 93. 1
#4 11.30 11.35 16. 1 93.6
#5 11.35 11.40 16.2 94.2
#6 11.40 11.45 16. 1 93.8
#7 11.45 11.50 16. 1 93.5
#8 11.50 11.55 16. 1 93. 1
#9 11.55 12.00 16. 1 93.6

AVERAGE: 11.15 12.00 16. 1 93.7

Units: ( 7. ) (ppm)

CALIBRATION DATA:

Initial ZERO 0.0 0.0
Initial SPAN * 20.8 96.0
Final ZERO 0.3 4.0
Final SPAN 21.3 100.0

RANGE < -full scale, V. or ppm ) 25 500
SPAN GAS VALUE < V. or ppm ) 20.9 92.3

ZERO DRIFT ( 7. o-f SPAN ) 1.47. 4.27.
SPAN DRIFT ( 7. of SPAN ) 1.07. 0.07.

ZERO DRIFT ( 7. of RANGE ) 1.27. 0.87.
SPAN DRIFT < 7. of RANGE ) 0.87. 0.07.

f

1J
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COMPANY: 
UNIT NAME: 
TEST DATE:

ARCO ALASKA
TURBINE CPF-1 (C2101C)
09-21-83

INSTRUMENT RUN #1B

INTERVAL START FINISH 02(7.) NOx(ppm)

#1 12.20 12.25 16.3 97.8
#2 12.25 12.30 16.3 96.4
#3 12.30 12.35 16.4 92. 1
#4 12.35 12.40 16.3 92.7
#5 12.40 12.45 16.2 96.2
«6 12.45 12.50 16.2 98.7
#7 12.50 12.55 16.2 97.3
«8 12.55 13.00 16.3 95.9
#9 13.00 13.05 16.3 97.5

AVERAGE: 12.20 13.05 16.3 96. 1

Units: ( 7. ) (ppm)

CALIBRATION DATA:

Initial ZERO 0.0 1.0
Initial SPAN • 21.0 95.0
Final ZERO 0.5 2.0
Final SPAN 21.4 99.0

RANGE ( full scale, V. or ppm ) 25 500
SPAN GAS VALUE { 7, or ppm ) 20.9 92.3

ZERO DRIFT ( 7. of SPAN ) 2.47. 1.17.
SPAN DRIFT < 7. of SPAN > -0.57. 3.27.

ZERO DRIFT < 7. of RANGE ) 2.07. 0.27.
SPAN DRIFT < 7. of RANGE ) -0.47. 0.67.
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COMPANY: 
UNIT NAME: 
TEST DATE:

ARCO ALASKA 
TURBINE CPF-1 
09-21-83

(C2101C)

INSTRUMENT RUN # 2

INTERVAL START FINISH 02(7.) NOx(ppm)

«1 13.35 13.40 16.2 95.3
#2 13.40 13.45 16.2 96.4
#3 13.45 13.50 16.2 95.6
#4 13.50 13.55 16.2 94.8
#5 13.55 14.00 16.2 94.0
#6 14.00 14.05 16.2 94. 1

AVERAGE: 13.35 14.05 16.2 95.0

Units: ( 7. ) (ppm)

CALIBRATION DATA:

Initial ZERO 0.0 0.0
Initial SPAN 21.0 96.0
Final ZERO 0.2 0.0
Final SPAN 21.0 95.0

RANGE ( -full scale, y. or ppm ) 25 500
SPAN GAS VALUE < y. or ppm ) 20.9 92.3

ZERO DRIFT ( 7. of SPAN ) 1.07. 0.07.
SPAN DRIFT ( •/. of SPAN ) -1.07. -1.07.

ZERO DRIFT < 7. of RANGE ) 0.87. 0.07.
SPAN DRIFT ( 7. of RANGE ) -0.87. -0.27.

1■".T
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COMPANY: 
UNIT NAME; 
TEST DATE:

ARCO ALASKA 
TURBINE CPF-1 
09-21-83

(C2101C)

INSTRUMENT RUN # 3

INTERVAL START FINISH 02(7.) NOx(ppm)

#1 14.20 14.25 16.3 98.3
#2 14.25 14.30 16.3 97.5
#3 14.30 14.35 16.3 96.6
#4 14.35 14.40 16.3 96.8
#5 14.40 14.45 16.3 96.9
#6 14.45 14.50 16.3 96. 1

AVERAGE: 14.20 14.50 16.3 97.0

Units: ( 7. ) (ppm)

CALIBRATION DATA:

Initial
Initial

ZERO
SPAN

0.0
21.0

0.0
95.0

Final ZERO 0.2 0.0
Firral SPAN 21.0 94.0

RANGE ( -full scale, y. or ppm ) 25 500
SPAN GAS VALUE ( '/. or ppm ) 20.9 92.3

ZERO DRIFT ( 7. of SPAN ) 1.07. 0.07.
SPAN DRIFT ( 7. of SPAN ) -1.07. -1. 17.

ZERO DRIFT ( 7. of RANGE ) 0.87. ■ 0.07.
SPAN DRIFT ( 7. of RANGE ) -0.87. -0.27.
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CONSTANT MONITORING

REF: Bay Area AOMD, Manual of Procedures, San Francisco, CA, Methods ST-5,
ST-6, ST-13A, ST-14, ST-19A, January, 1982 

: State of California, Air Resources Board, Dra^t Stationarv Source
Test Methods, Method 1-100, June, 1979

METHOD SUMMARY:

A representative sample of duct ?as was extacted through a nrobe, filter, 
condenser and sample line by a pxmip. The sample was then pumped into a 
sampllnii: manifold for distribution to one or more sample analyzers. The 
analyzers output a continuous analop recording of the concentrations o^ the 
analyzed pases in the sample. All analyzers were calibrated with EPA Protocol 
eases (traceable to National Bureau of Standards SRMs) or with recently 
analyzed <^ases (analysis by EPA Reference Methods).

SAMPLING SYSTEM:

A Pyrex glass or stainless steel probe with a Pyrex wool or glass fibre mat 
filter was positioned in the duct. The end of the probe was located at a 
point of average duct flow and average pollutant concentrations. The probe 
was connected with a short (about 2 feet) Teflon line to a sample conditionin<r 
train. The conditioning train Included three glass knockout traps connected 
in series with Teflon lines and immersed in an ice bath. Th^ train was 
connected with a Teflon line (i inch o.d.) to the pneumatic delivery system 
which was housed in the monitoring van.

PNEUMJ^TIC DELIVERY SYSTEM:

The Teflon sample line delivered sample gas into a snail glass knockout trap, 
then through an in-line Balston filter and a Hoke ^our-way selector valve to 
the Teflon-lined diaphragm sample pump (see accompanying diagram). The f'low 
rate of the sample gas was regulated with main and bypass-flow needle valves 
and was read on the main flow meter (typical setting lOSCFH). A 10 PSI 
pressiire-relief valve kept the entire system pressure at a safe level. The 
manifold pressure was regulated with an exhaust needle valve and was read 
on the pressure gauge (typical setting 1 PSI). The sample in the manifold 
was delivered through needle valves and flow meters to the various analyzers.

LEAK CHECK PROCEDURE:

The sampling system was checked for leaks by pluFgine the end of the probe.
The exhaust needle valve was closed and the entire sample flow was directed 
through one analyzer flow meter (range 0-1.0 SCFH). The bvpass valve was 
closed until the vacuum gauge showed at least 15 Inches Eg vacuum. The leak 
rate was observed at the analyzer flow meter (maximum allowable 2% of total 
sample flow). The system was checked for leaks before and after sampling.
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CONSTAJIT MONITORING

CALIBRATION PROCEDURE:

Each analyzer was calibrated before and after each sanrole run. The Hoke 
four-way selector valve was used to direct the flow of the various calibration 
gases into the sample manifold. Each analyzer was calibrated with a zero 
gas (typically, ambient air or zero grade Nitrogen) and with a span vas 
(typical span gas concentration 60 to 90 percent of analyzer full scale and/or 
similar to expected sample concentration). All zero and span checks were 
recorded and noted on the recorder strip charts.

STRIP CHART DATA REDUCTION;

The analog recordings were averaged over time periods as shown on the data 
pages (typically 5 minutes, 15 minutes or 30 minutes). The data for each 
averaging period was digitized and recorded as average percent o^ full scale. 
These sample readings were then compared with the zero and span gas readings 
for calculation of the average concentration for each averaging period.
Any drift-^of the zero and span readings from the beginning to the end of a 

sampling period was corrected by calculating apparent zero and span readings 
for the midpoint of each averaging period. The sample average concentrations 
were then calculated from the sample readings and the apparent zero and span 
readings.
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1

Instrument Data Reduction

Ref: State of California, Air Resources Board, Draft Stationary Source 
Test Methods, Method 1-100, June 1979

Definitions:

Zo
50 

Zf 
Sf 
n
i
AZ
AS
Range
Zi
51 

Ri 
Ci 
SGV

initial zero reading (% full scale)
initial span reading (% full scale)
final zero reading (%full scale)
final span reading {% full scale)
total # of intervals
identifier for ith interval
zero drift (% full scale)
span drift (% full scale)
ppm or % pollutant at 100% full scale
calculated zero at mid-point of iit interval (% full scale)
calculated span at mid-point of ith interval (% full scale)
average pollutant reading for iltl interval (%'full scale)
drift corrected pollutant reading for iitl interval (ppm or %)
span gas value (ppm or %)

Equations:
AZ . = Zf - Zo
AS = Sf - So
Zi = Zo + i ♦ (Zf - Zo)/(n + 1)
Si = So + 1 * (Sf - So)/(n + 1)
Ci * (Ri - Zl)/(St - Zi) * SGV
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Ref:

EPA Method 20

EPA, Code of Federal Regulations; Title 40, Part 60, Appendix A, 
Method 20, 1981.

Method Summary:
The preliminary test were performed on the analyzer sampling system 

on day 1 or both days as indicated:
Systems Calibration Check - Both Days 

Converter Check - Day 1
1)
2) NO/NO2 Converter Check - Day
3) Response Time through entire sampling system - Day 1

of the NOx and O2 analyzers was done before andSpanning and zeroing
after each run. Ambient air drawn through‘"Drierite was used for the NOx zero 
and the Oxygen span. An EPA Protocal gas (CAL-7232) was used to span the 
NOx analyzer and zero the Oxygen analyzer.

An oxygen stack traverse was performed on both the heater (lY) and the 
Turbine (CPF-1). This traverse was done using the same sample points as the 
velocity profile. For the Turbine (CPF-1) the oxygen traverse was used 
as run number one (lA and IB): traversing both ports, sampling for a minimum
six (6) minutes per point, 12 points (1.5 minute response time plus 1 minute 
sampling). After proving no oxygen stratification exist two (2) additional 
thirty (30) minute, runs were executed by sampling at eight selected points.
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CONSTA^rr MONITORING

ANALYZERS;
Taylor Servomex OA250 or OA580 Oxyeen Analyzer

The Taylor paramai^netlc analyzer Is used to measure the percent dry 
volume of oxygen in the sample gas. This analyzer contains a quartz- 
glass "dumb-bell" that is filled with nitrogen and suspended in a 
non-uniform magnetic field. The spheres at the ends o^ the dumb-bell 
are repelled from the strongest part of the field by their diamagnetic 
property. The dumb-bell therefore rotates to a position where the 
repellent force and the torque-resistance of the suspension are in 
equilibrium.

The sample gas flows into a sample cell which encases the dumb-bell. 
The paramagnetism of any oxygen in the sample gas reduces the inten
sity of the field and therefore alters the position of the dumb-bell.
A small mirror at the center of the dumb-bell reflects a beam o^ 
light onto twin photocells (see schematic diagram). The output o^ 
the photocells is amplified and fed back to a coil around the dumb
bell. ^he current required to keep the dumb-bell at the zero position 
is a direct measure of the magnetic force and is therefore a measure 
of the oxygen content of the sample gas.

Rg. 1.Taylor Servomex Oxygen Cell 
— Schematic using Monday's 

principles
Rkd>4k

Fg. 2. Taylor Servomex Oxygen
Analyser — Schematic
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CONSTANT wctnITORINO

ANALYZERS:

Monitor Labs 8^<30 Nitrogen Oxides Analyzer

!Die Monitor Labs chealluminescent analyzer Is used to measure narts 
per million dry volume of Nitrogen Oxides In the sample pas. The 
analyzer measures the concentration of NOx by convertlnr NQx to NO 
and then measuring the light emitted by the reaction of NO with 
ozone.
The sample gas Is drawn Into the analyzer by a vacuum pump which 
partially evacuates the reaction chamber. The sample flows through a 
N02-to-N0 converter!./ for NOx analysis or may bypass the converter 
for NO analysis. The sample then flows through a temperature 
controlled critical orifice Into the partially evacuated reaction 
chamber.

Ambient air Is also drawn Into the analyzer as an ozone carrier. The 
air flows through a deslecant cartridge for drying, then throurh an 
ozone generator which converts some of the oxygen In the air to ozone. 
The czonated air then flows through a temperature-controlled critical 
0'1'i'fiPe Into the reaction chamber. ’ v . • .

The sample gas and the ozonated air are mixed In the reaction chamber, 
where the following reaction takes place:

NO + 03 ---- > N02 + 02 + hW

The Intensity of the chemiluminescence is proportional to the concen
tration of NO in the reaction chamber. The light emitted by this 
chemiluminescent reaction shines through a window In the chamber onto 
a photomultiplier tube (PMT). A spinning light chopper wheel between 
the reaction chamber and the PMT allows the PMT output with no light 
to be compare4 electronically with the PMT output with llrht. The 
signal Is processed electronically and output for recording of the 
concentration of NO (or NQx if the converter is used).

14

■r)

1/ Either of two types of converter may be used-a 300°C Molybdenum- 
catalyst converter or a 900®C stainless steel converter.
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%

FUEL ANALYSIS & EMISSION FACTORS
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COMPANY: 
UNIT ID: 
DATE:

ARCO ALASKA, Inc. 
HEATER DS-IY 
09-20-83

FUEL ANALYSIS & EMISSION FACTORS

POLLUTANT % 02 PPM(dry) LBS/DSCF LBS/>WB1U

NQX RUN #1 0.1 53 6.33E-06 0.055
NOX RUN #2 0.1 58 6.92E-06 0.060
NOx RUN #3 0.1 56 6.69E-06 0.058

NOx AVERAGE 0.1 56 6.65E-06 0.058

FUEL GAS: % H % C % S % N % 0

Lease Gas 22.61 75.53 0.00 0.32 1.54 22648 8707

Btu/lb SDCF/MMBtu

I
5
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(COMPANY: 
UNIT ID: 
DATE:

AROO ALASKA, Inc.
TURBINE CPF-1 (C2101C) '
09-21-83

FUEL ANALYSIS & EMISSION FACTORS

POLLUTANT % 02 PPM(dry) LBS/DSCF LBS/MMBTU

NQX RUN «1 16.2 95 1.13E-05 0.439
NOX RUN #2 16.2 95 1.13E-05 0.439
NOX RUN #3 16.3 97 1.16E-05 0.458

NOx AVERAGE 16.2 96 1.14E-05 0.445

^ /7.I

FUEL : % H % C % S % N % O Btu/lb SDCF/MMBtu
Lease Gas 22.49 75.65 0.00 0.31 1.55 22596 8716
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Ccmpany:
Unit:
Date:

APOD ALASKA, 
HEATER DS-IY 
09-20-83

INC

F FACTOR FOR GASEOUS FUEL

COMPONENT C EXPAND MOLE % MW MW* WT. % % C % H % N

GROSS CALORIFIC VALUE, BlU/scf § 60* 
GROSS CALORIFIC VALUE, BTOAB

EPA F-FACTOR § 68* F

1173
22648

8707 DSCF/MMBTU.

% O
02 0 0 1.000 0.000 32 0.00 0.00 0.00 0.00 0.00 0.00
N2 0 0 1.000 0.220 28 0.06 0.32 0.00 0.00 0.32 0.00
C02 0 0 1.000 0.940 44 0.41 2.12 0.58 0.00 0.00 1.54
GO 1 0 2.893 0.000 28 0.00 0.00 0.00 0.00 0.00 0.00
H2 0 2 1.892 0.000 2 0.00 0.00 0.00 0.00 0.00 0.00
Cl 1 4 8.569 85.340 16 13.65 69.90 52.43 17.48 0.00 0.00
C2 2 6 15.246 7.190 30 2.16 11.04 8.83 2.21 0.00 0.00
C2= 2 4 13.354 0.000 28 0.00 0.00 0.00 0.00 0.00 0.00
C3 3 8 21.923 3.780 44 1.66 8.51 6.97 1.55 0.00 0.00
C3= 3 6 20.031 0.000 42 0.00 0.00 0.00 0.00 0.00 0.00
C4 4 10 28.600 1.810 58 1.05 5.37 4.45 0.93 0.00 0.00
C4= 4 8 26.708 0.000 56 0.00 0.00 0.00 0.00 0.00 0.00
C5 5 12 35.277 0.550 72 0.40 2.03 1.69 0.34 0.00 0.00
C5= 5 10 33.385 0.000 70 0.00 0.00 0.00 0.00 0.00 0.00
C6+ 6 14 41.954 0.160 86 0.14 0.70 0.59 0.11 0.00 0.00

TOTAL - - ' - 99.990 - 19.53 100.00 75.53 22.61 0.32 1.54

COMPONENT WT. %
CARBON 75.53
HYDROGEN 22.61
NITROGEN 0.32
OXYGEN 1.54
SULFTT^ 0.00

SPECIFIC GRAVITY , (AIR=1) @ 60* F 0.678
SPECIFIC VOLUME, SCfAB @ 60* F 19.31
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Ccxipany:
Unit:
Date:

ARCO ALASKA, INC 
TURBINE CPF-1 (C2101C) 
09-21-83

F FACTOR FOR GASEOUS FUEL

COMPONENT C EXPAND MOLE % MW MW® WT. % % C % H % N

02
N2
C02
CO
H2
Cl
C2
C2=
C3
C3=
C4
C4=
C5
C5=
C6+

0
0
0
1
0
1
2
2
3
3
4
4
5
5
6

0
0
0
0
2
4
6
4
8
6

10
8

12
10
14

1.000
1.000
1.000
2.893
1.892
8.569

15.246
13.354
21.923
20.031
28.600
26.708
35.277
33.385
41.954

0.000
0.220
0.960
0.000
0.000

84.160
7.730
0.000
4.210
0.000
2.000
0.000
0.570
0.000
0.140

32
28
44
28

2
16
30
28
44
42
58
56
72
70
86

0.00
0.06
0.42
0.00
0.00

13.47
2.32
0.00
1.85
0.00
1.16
0.00
0.41
0.00
0.12

0.00
0.31
2.13
0.00
0.00

67.97
11.71
0.00
9.35
0.00
5.86
0.00
2.07
0.00
0.61

0.00
0.00
0.58
0.00
0.00

50.98
9.36
0.00
7.65
0.00
4.85
0.00
1.73
0.00
0.51

0.00
0.00
0.00
0.00
0.00

16.99
2.34
0.00
1.70
0.00
1.01
0.00
0.35
0.00
0.10

TOTAL 99.990 - 19.81 100.00 75.65 22.49

COMPONENT
CARBON
HYDROGEN
NITROGEN
OXYGEN
SULFER

SPECIFIC GRAVITY, (AIR=1) @ 60* F 
SPECIFIC VOLUME, scf/LB § 60* F 
GROSS CALORIFIC VALUE, BTU/scf @ 60* F 
GROSS CALORIFIC VALUE, BTUAB

EPA F-FACTOR § 68* F

WT. %
75.65
22.49
0.31
1.55
0.00

0.688
19.04

1187
22596

8715 DSCF/>1MBTU /

0.00
0.31
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.31

% o
0.00
0.00
1.55
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.55
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PRUDHOE BAY CENTRAL LABORATORY 

ANALYSIS REPORT '

45 Of 109

MPLE# E265S1 ARCHIVE# G69KSl:ZA

LOCATION,
KUPARUK

SAMPLE MONTH, DAY, 
9 20

SAMPLE DESCRIPTION

COMPANY,
ARCO

YEAR, HOUR, 
19S3 2000

KCM
------ ^ ' '

VM SIP

UA SEP 2? 1983 cc.
Info »C/C£ PH*

FUEL OAS AT DRILLSITE 1-Y SAMPLED AT SCRUBBER 
TEMP, SAMPLE PSIO, LINE PSIG, METER#

60 150 150 **
REQUESTOR

A. SCHUYLER .
PROPERTY VALUE

NITROGEN .22 MOL 7.
#METHANE 85.34 MOL 7.
CARBON DIOXIDE . 94 MOL 7.
?<ETHANE 7. 19 MOL 7.
PROPANE 3.78 MOL 7.
ISO-BUTANE .58 MOL 7
N-BUTANE 1.23 MOL 7.
ISO-PENTANE .27 MOL 7.
N-PENTANE .28 MOL */:
C6+ . 16 MOL 7.
HYDROGEN SULFIDE 0 PPM

GROSS DRY (IDEAL GAS) 1172.6 BTU/CF
NET (IDEAL GAS) 1061.5 BTU/CF
GROSS SATURATED IDEAL 1152.2 BTU/CF
SP GRAVITY (CALC.) .676
SP GRAVITY (MEAS.) .679

PRESENT

BTU VALUES ARE ON AN IDEAL BASIS AT 14.696 PSIA AND 60 DEG F 

OMMENTS:

D.SAMPERT/L.MATSON 
K.KEYS/F.LOVE 
S.KRUSE/D.KILAND 
LAB/PROJECT/FILE

COMPLETED BY

REVIEWED BY
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PRUDHOE BAY CENTRAL LABORATORY 

ANALYSIS REPORT ’

iMPLE# E265S2 ARCHIVE# 069LS2:ZA

LOCATION, COMPANY,
KLIPARUK ARCO

SAMPLE MONTH, DAY, YEAR,
9 21 1983

SAMPLE DESCRIPTION
KUPARUK EIJEL OAS TO TURBINE -C- 

TEMP, SAMPLE PSIO, LINE PSIG, METER# 
147 190 190 *♦

REQUESTOR

*>uAIwpm|cvc|ajs|jms

-_L_24ISER

SEP 2 7 1983
RC/CE

u- 1,1HOUR, SAMitu!!
1500 . GAS TO TURBINE ■C

IWK
33

A. SCHUYLER /T3>^
PROPERTY

NITROGEN
#METHANE
CARBON DIOXIDE
?<ETHANE
PROPANE
ISO-BUTANE
N-BUTANE
ISO-PENTANE
N-PENTANE
C8+
HYDROGEN SULFIDE

GROSS DRY (IDEAL GAS) 
NET (IDEAL GAS)
GROSS SATURATED IDEAL 
SP GRAVITY (CALC.)
SP GRAVITY (MEAS.)

VALUE

.22 MOL 7.
84. 16 MOL 7.
.96 MOL 7.
7.73 MOL 7.
4.21 MOL 7.
.64 MOL 7.
1.36 MOL %

•. 28 MOL 7.
.29 MOL 7.
. 14 MOL 7.
1. PPM

1187.1 BTU/CF
1075.1 BTU/CF
1166.5 BTU/CF
. 686
. 687

PRESENT

BTU VALUES ARE ON AN IDEAL BASIS AT 14.696 PSIA AND 60 DEG F 

OMMENTS:

COMPLETED BY. .
^D<£r-REVIEWED BY!

D.SAMPERT/L.MATSON 
K.KEYS/F.LOVE 
S.KRUSE/D.KILAND 
LAB/PROJECT/FILE
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Fuel Analysis, F Factor & Lbs/MMBtu

Reference; EPA, Code of Federal Regulations; 40 FCR 60.45

Method: EPA F factor was calculated from the fuel analysis for 
percent weight carbon, hydrogen, nitrogen, oxygen, 
sulfur and calorific value. The F factor was then 
used to calculate Ibs/MMBtu emission factors.

Calculations:

(SDCF 0 68“F/MMBtu) = 10® * 3.64(%H)+1.53(%C)+0.57(%S)+0.14(%N)-0.46(%0)
Btu/lb fuel

Ibs/SDCF = ppm (dry) * MW * 2.59 * 10"^

Ibs/SDCFo (0 zero XOg) = Ibs/SDCF * 20.9

Ibs/MMBtu = Ibs/SDCFo * F

MW(NOx) = 46 grams/mole

I■■i

Jk
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SOURCE OPERATION DATA
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TEST REPORT

09/20/8^ IO1S3136
TEST DATA

TIME FTP FTP PRES PRO
EOnP---- PS ID------PS IS PSTD------CWC

STALEOAS TIME 
TISCFD------HRS-SCH / B SCF7STSTBIT TSCFB HIR

Tr=~i—09“i'2-83—m» 
IV- 2 09-03-83 0530 1033210 176 2720 1033

TTJ88-
M6S

24.0 25.0 N M N N
«4ti»—

lY- 4 09-04-83 0945 3347 4902 1465 25.2 N M N N
1600 ^tt7

4160lY- 6 09-11-83 0130
----09»13==83------ 2100

lY- 8 09-13-83 0600

4592 1104 1104
1673-------- 167»
1137 1137

25.5 N M N N
2570—N-M-M-H

1260 1432 12.0 24.8 N M N N
25.9 W M W M

lY-10 09-10-83 0215 2431 1857 12.0 25.5 N M N N
1V-11 09-1 7t1T ^571—N-tt-N-rr
lY-12 09-09-83 1020 3443 2751 25.2 N M N N

TOOO"rlY~t3—0918*8 Y ^r8—K-M-W-W
lY-U 09-10-83 1530 2099 3702 10.0 25.4 N M N N

lY-16 09-05-83 1700 1113 24.0 23.7 N M N N

3• y7 fo be.

bbl/gf.

. ..
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General Purpose Worksheet
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1 uyC JJ Oi iuj; ^

UHX1.Y mi>ruKy ounr 15:54:06

t ONE-DAY ANALOG HISTORY
UNt—uAY ANALOG HISTORY ” '"

r^ius

imp

lyy NHnc.s HI—&1U1 lu
NOTE!! HI,AVG,AND L0=0.00 THEN SYSTEM WAS DOWN

REtNrr VALUE -99:66—per

■WiE HIGH AVERAGE LOW TIME HIGH AVERAGE LOW

]|po 100.04 99.55 99.06 ! 0300 99.74 99.33 98. 9911600 99.96 99.90 99.36 '0400 99.66 99.35 99.14

_Jf.O 99.96 99.94 99.89 !0500 99.66 99.31 99.06

99.96 99.93 99.89 ! 0600 99.66 99.36 98.99
Moo 100.26 99.91 99.51 ! 

1
0700 99.59 99.34 98.99

^0 100.26 99.88 99.66 ! 0800 99.66 99.36 99. 14

2100 101.16 99.45 94.71 !0900 99.51 99.36 99.14

99.96 99.65 98.99 ! 1000 99.66 99 <35 99.14

^0 99.81 99.37 99.14 ! 1100 99.66 99.37 99.21
(Moo 99.59 99.35 99.14 ! 1200 99.59 99.37 99.14

cSpo
V

99.59 99. 33 99.14 ! 1300 99.66 99.40 99.06

0200 99.51 99.32 99.06 ! 1400 99.66 99.37 99.06 ,
"Tenter POINT NAME OR NUMBER THEN PRESS: FUNCTION KEY 1 FOR ANOTHER HISTORY

-fUNCTION KEY 3 TO RETURN TO ANALOG HISTORY MENU

-I

IX



3LOu JjhILy MiSfiJRY LiUiiP"

-f
4

ONE-DAY ANALOG HISTORY 
ONE—DAY ANALOG HISTORY

J
~Jme

TDr- 201----NAtlErAl^TlllfeC-

I tnr'
NOTE I! HI,AVG»AND L0=0.00 THEN SYSTEM WAS DOWN

.o u RVo tAnnuo

KRENT VALUE----- 089.47—DEG--F-

HIGH AVERAGE LOW TIME HIGH AVERAGE LOW

416<

1
971.57 923.89 866.71 !0300 839.47 874.14 854.51

1600 973.20 965.50 926.05 10400 889.47 876.12 861.83

973.20 971.31 969.94 10500 878.09 869.66 856.95

-f 970.76 969.20 966.69 10600 891.91 875.57 851.26

969.13 965.92 953.69 10700 885.40 870.51 847.20

967.51 959.38 938.24 10800 891.09 875.69 848.82

2100 967.51 912.27 741.52 10900 912.23 892.15 878.09
:|oo 944.74 930.04 869.14 11000 904.10 890.10 852.89
• '

937.43 898.83 862.64 1 1100 904.91 894.83 876.46

910.60 884.93 867.52 1 1200 915.48 878.90898.00

(||oo 894.34 881.35 867.52 ! 1300 924.42• 911.28 895.97

0200 892.72 877.14 861.02 1 1400 917.11 904.15 890.28
[ENTER POINT NAME OR NUMBER THEN PRESS FUNCTION KEY 1 FOR ANOTHER HISTORY 
-FUNCTI-ON-KEY -2~ FOR-HARD -COPY-------------------------------------------- —----------------------------------

HfUNCTION KEY 3 TO RETURN TO ANALOG HISTORY MENU

-X
AAsn mp
J3/4 /+P

X
6c 4. ,

>5



At;. inoHNyUUU

-jf. Mi^lUKY ijunr

f ONE--DAY ANALOG HISTORY

-piB-fv-—

ONE-■DAY ANALOG HISTORY

1 HMrlcB m1"T1117C
NOTE!• HI.AVG.AND L0*0.<>0 THEN SYSTEM WAS DOWN

1 I^D W XINL.I Min 1 tHF

i vhuuc 39•83 DEO F

tIie HIGH AVERAGE LOW . TIME HIGH AVERAGE LOW

ISOO 48.27 46.84 44.21 !0300 37.64 36.02 34.51
iH>o 48.58 47.17 46. 08 !0400 37.64 36.38 34.51

ijl^o 48.27 46.69 45. 14 •0500 36.08 34.87 33.26

1800
——

46.08 43.62 40. 14 0600 35.14 34.03 32.95

ifto 40.45 39.89 39.20 !0700 35.45 34.90 34.51

2g^0 40.14 39.30 38.58 0800 35.76 34.30 33.89V
2100 39.52 38.84 37.95 !o900 39.20 37.42 35.45
_^0

41.70 40.21 38.27 1000 39.52 38.76 37.95

2300 41.08 39.87 37.95 1100 40.14 39.31 38.58

"ofto 41.39 40.13 36.08 1200 41.70 40.27 39.20

omo 40.77 38.58 35.76 1300 43.27 40.78 39.52 •

m
0200 39.20 37.62 36.08 1400 43.58 41.74/^ 40.14
^Jnter point name or number then press function KEY 1 FOR ANOtIiE^'^HISTORY

r 1 1 KJl^ IsC T A

junction key 3 TO RETURN TO ANALOG HISTORY MENU

«

f■ .

1
m « •

*

_I_ •

nr -V
1
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SAMPLING PORT AND POINT DESCRIPTION

■s
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fbi*T7Z) H-AyJB^ftA. ACtms CAp f/hf/V
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no LoMj[jsMfK.jae6^0iiLemems,

i i

\ V- ^PtT. 'e>‘ )
\ ^ THibf'Wq.

fa!'



if Page 59

Port OR|EMT^riOM.£

suppot^r £yg D£t/»il

FLCiQ SAi£cfi- STrtC,K

^ NOTE, s :
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I
APPENDIX I

Example Calculations

I



Page 64a of- 109

To lew., >0/*^ 

^ //

.'5

tfeatgr : ^U/V^i (3 /Q,:po 09-20-S'

\J^(si^): (p G>g"F ^ ?9.7Z ^3= V«n //^3
“ZOtlS c/sP

fj-bar = 27. ?2 "
delia. f/ II 0 • 0

Tm - 7^
/T^fev Ca

l^virv(s'^(51~
20.15 dsF }

/——7 a6v?/? ^ nr^~TTrR/^tfzO/- =: loo ¥^ o.OH?l9^fS3jn,'H,o-i-^,:^S -

O.o/oIZ.oK/ 5?* — - ;>S^ S«0'< . |?7. ?2 I

HCO (oJe.-f)
-Z9.^2* f/00 - W.5i'//joj|f

,8/
/ ^ /oo j <(; J

~ 1^8. /7 Jy>'5/tnoLs

\Jr 8s.8S-7? ^o.Bo^f o.\^ itr
<iQ,S°P -^^OCF

^(f^rRS)C28-'‘i) = j/Sj -f,

fts ^4*)/- (-S^)*'T =
3./^ -Pf

------:-----n IQ s (pscFn)/ - GO(_i-o.iHs)(is.i)(3.i^y(n.(^s)j^eSf‘^uoj ~ j88i [>scF

|46t*-fc.* Af.-1-uoJI Cftifu^ai^on^ ftjffipfiCljv' maw\W^
,.^W(. '-''K!' rv^^v-lr' fr'-''^0 7 c.', ^•-,'.
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^KOYnp^ GxJfVLloJ'fOY\£ ^CoY)'-f^

(l-kkdr PS- /y ■■ BJV

- ^- fpm £iSCP.^f ti^ik t.CoOSi^fO
^ S3 ^ 9^0^ His> ^ fSoSi^td'^ ^ jo, 3(0 iLs/hr

9?o? SDCF//^nefw^

l^jr^s/ziMlBU. I - f^prr> -|ao55 /y/;/Aif

= ^ VO, ^ p.r<?^/0
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APPENDIX 2

NOx Emission Standard For Gas Turbine
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Calculated Allowable NOx Emission for Stationery Gas Turbines

Ref: Environmental Protection Agency, Code of Federal Regulations,
Title 40, Part 60. Subpart GG, 60.332, 1981

Equation:

STD = 150

where: STD = allowable NOx emissions (percent by volume at 15% Oo and on
a dry basis)

Y = manufacturer's rated heat rate at manufacturer's rated load 
(kilojoules per watt hour)

Calculations:
9550 BTU/Hphr = manufacture rating V 

1.4137 * 10"^(hphr) (kilojoules)/(BTU)(w-hr)

STD = 150( 14.4
9550-(1.4137 * la-3))

STD =159.9 ppm 0 15% 0^

V/ This rating provided by Alan Schuyler of Arco based on manufacturers 
efficiency graphs and actual operating conditions.
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GENERAL FI Fr.TRIC MODEL M3I42(J) 14600 HP* GAS TURBINE^ 

‘ " estimated performance
COMPRESSOR INLET TEMPERATURE 30°F (-U'C) 

COMPRESSOR INLET PRESSURE
14 600 ^ 14 250
9530 . 9680

PUEL . uDgllll!! HEW RATE (lJv) BTU/HP-HR
SlllCN hIaT C0NSUMPTK5N (LHV) BTU/HR
design air flow lbs/hr
DESIGN SHAFT SPEED

139.1x10® 137.9x10®
415,000 

6 500

INOTES:
^,1. altitude correction on curve

4I8HA4I6.
2 AMBIENT TEMPERATURE CORREC”

■ TION ON CURVE 47IHA282.

PRESSURE DROP EFFECTS:
% EFFECTS 

HP- . HR
4" H2O INLET “1.8 +0.8
4" H2O EXHAUST -0.8 +0.8

4. FOR EACH 4* H2O 
PRESSURE DROP INCREASE 
EXHAUST TEMP. BY 2«F.

5. OPERATION ON CONSTANT mGH 
PRESSURE SET SPEED CONTROL.

DESKWPE^eeN

nbJKLrt 47tHAZ80
K D. KNAPO NOV.
u- F, U'.'i PP MAR

3, 1977
10, 1978 , REV. A
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GENERAL ELECTRIC MODEL M3I42(J) 14.600 HP'^ GAS TURBINE
ESTIMATED PERFORMANCE 

COMPRESSOR INLET TEMPERATURE 59fF (IS^C)
COMPRESSOR INLET PRESSURE 14,7 PSIA (1.0133 BAR)

NAT URAL GAS DISTILLATE OILFUEL ■ 
DESIGN 
DESIGN 

ESIGN 
ESIGN 
ESIGN

HEAT^RATE ^LHV) BTU/HP-HR

HEAT CONSUMPTION (LHV) 8TU/HR 
AIR FLOW
SHAFT SPEED . RP^

14 600 14 250
9530' ^ 9680
139.1x10® 137.9x10®

415,000 
6 500

NOTES:
1. ALTITUDE CORRECTION 

4I8HA4I8
2. AMBIENT TEMPERATURE CORREC

TION ON CURVE 47IHA282.
3. PRESSURE DROP EFFECTS:

% EFFECTS
HP • HR

4" HjO INLET - I.B +0.8 
4" H2O EXHAUST -as +0.8

4. FOR EACH 4" HgO 
PRESSURE DROP INCREASE 
EXHAUST TEMR BY 2®F.

5. OPERATION ON CONSTANT HIGH 
PRESSURE SET SPEED CONTROL.

CURVE

11

ii 1 47IHA277
K.D. KNAPP NOV. 3, 1977

Ar.o m 10-'o or\/ A
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GENERAL ELECTRIC MODEL M3I42(J) 14600 HP^ GAS TURBINE ^
ESTIMATED PERFORMANCE 

COMPRESSOR INLET TEMPERATURE 90*F (32.2®C) 
COMPRESSOR INLET PRESSURE 14.7 PSIA (1.0133 BAR)

*WATURAL,_6^ DISTILLATE OILFUEL
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN

SHAFT OUTPUT 
HEAT RATE (LHV)
HEAT CONSUMPTION (LHV) 
AIR FLOW 
SHAFT SPEED

HP
BTU/HP-HR 

BTU/HR 
LBS/HR 

RPM

14600 14250
9530 9680

139.1x10® 137.9x10®
415,000 

6 500

T
h
0

K.D. KNAPP NOV. 3, 1977

NOTES:

I. ALTITUDE CORRECTION 
4I8HA4I8.

CURVE

2. AMBIENT TEMPERATURE CORREC
TION ON CURVE 47IHA282.

5. PRESSURE DROP EFFECTS:
% EFFECTS 

. HP* HR
4" H..0 INLET -1.8 +0.8

gO EXHAUST -as +0.8
4. FOR EACH 4“

PRESSURE OROP'INCREASE 
EXHAUST TEMP. BY2®F.

5. OPERATION ON CONSTANT HIGH 
PRESSURE SET SPEED CONTROL.

I
i

47IHA279jllNitl D

L' ■ i ’ f r'n i»*. P < In—o p—\' ^
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GENERAL ELECTRIC MODEL M3I42(J) GAS TURBINE

EFFECT OF COMPRESSOR INLET TEMPERATURE ON 
MAXIMUM OUTPUT, AIR FLOW AND HEAT RATE AT

NOTES:
1. HP SHAFT DESIGN SPEED- 7107 RPM
2. LOAD TURBINE DESIGN SPEED - 6500 RPM
3. OPERATION AT CONSTANT HIGH PRESSURE 

SET SPEED CONTROL.

47IHA282
K. D. KNAPP NOV. 3, 1977
k’d' KNAPP MAR. 10, 1978, REV. A
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APPENDIX 3

Test Log
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/^-yco // 3 C(}nyTf ' 7^

fZohe^ A. e^,s«l P45^o /y''^

C^OO Cff^ Z
C

MlU

i/<Vw>*^tC, pfu’S fl/V'^^l fevV'I'.v^p/I^^- lU P»V p.'.y*>' >.

P'^vj\-v yLwv^t\ cFAii^t 
mo M /. .. 'T/^icfVY'- ,

^'W<a-h-Wc^'h>^/£vv\-*^» )/

B^IA IZtr^ii2. ^PA >itt\ '
/Z 55" • ' I^ \}t(ceJil^ Mco^-VSC^.

t>^Vv- />by*v c»£. /■^t^(^4-2.A^u.'''^P<-r-^\

t3>5^ <k-2. •^2*..'^ la-^^'v>-
moo E«M-4fcZ t^c^\o>Z
/4iz ^«%' iWoz^;^ -:pr^fe

*' " •' i^v^^ui
/50(:> of" ^ 4^'(r<^
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APPENDIX 4

Raw Field Data



Orl.f*. ^^fev^- V { CtporM; I ^d( 7‘ 2Q-g3

“^ife. ________ # I TifAc: /(» ' ZO "• /(o'. SO

■S'SSQ Q,9Q rntiw4 (q3^ ft»c^ O^^lSJp'^
rtMp<i«4'^—— --------- »A;Af/u4e /

‘^r ^ “ 7
Nirji*<\i* 2^,0 (tnO-^iTOpL Ce^At^ / ' SV#l^ **C?«Oft

f^O
^i^a\ . Tart- ^^tV■

W7.WI fS". t3
^■6twhj tJfS /oo
Hn\. 6ifnh *?Z <r^

C.cs —
3.|.ca6d 55T

^o\n\ ?S.31
Xn\«^(»^t4i £iaS 
65t “ ‘
Ot

CO

n.o
0.0 Uj) _

/ot*0

, < .gp-/5l.i,tf.w.^^^
Tiwtfr.o'^

N

- ^9.92 

Pa —r::^
T»
AP 0.03
>'i ___

r^s-
Alt 0.0

C.‘.>>ii«) - S-75.1S- 

v„(f,A40= 0-%./0
20. (S’

^Ic. T.mt.! /8:0(3 -/g.7^
P.U^^'JSQ <3,80 (g?S- m.T 0.?g^2
Tunj»o«>.44--------  fttoj# --------  vJ&P^6f___^___

b(JcVJ'4, ^ Arts’! 6wp j SHihc ~^>0<Q

- . ^m\ Tdirc

IZR.O /oo.o 2RO
S>«CArH(iy^ S'i-O SOO ^.o

3itic«6iei 290.0 ?75.fi /V. 2

6ia*. Rvi^Jk
COt^
Ou.
Alt

/Z.3
0.0

►

7»i’60_

^>Dt.PA\

Id.So
*mtf

Pfi«/’

Pd

AP o. 05“ 
'id _
T,

Ai»

2*7. 9Z 

970

f-^

^IH (**"■(■’^)'

l/n, (f iAoJH^ "

^90, ,-50

T3
0J

*s<D

cn

o 
. “H

o

t$ .so,
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INITIAL MOLECULAR VT:1GHT ft PERCENT WATER 

CLIENT: Af^h:\

SITE: C>% Kl- ^r/// Scr\,\^ S\ac)C UUt'si' P<?^f

DATE : 2^, /7«3 11/30 k

*. • '
f Pressure

Barometric
Static
Duct (absolute) 

Orifice C/^H)

'0 0 ft "H2O

’TI20

Temperature 

Standard C»%
Duct 
Wet Bulb 

Meter

<??2

Water Collection

Final Weight g 
Tare Weight V SS* g 

Net . 7S.33 g

mp
r»»i

op
op
op
Op Hf VJHX.

XO.J g-y/iT/ -
Meter Volume CF o.oii a^,
« a*-u*Vmstd CF ^

RESULTS:

“J-

tio ^

/7o /^o
5b

Orsat Analysis
CO?^ J Volume (Dry) 

02 I' / j S Volume (Dry) 

CO " % Volume (Dry)
Volvime (Dry)

a/t/.

ppm Volume (Dry) 
by Draper tube

Initial Water (By Procedure #
H2O
MW

% Volume 

(vet) Dew Point Temp.

J,
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INITIAL MOLECULAR WEIGHT & PERCENT WATER

CLIENT:
SITE: floM ^2

DATE: IILOOW

Pressure Temperature
Barometric 1Z. "Hg Standard ®F
Static (—V+O.Ob "H2O Duct OF
Duct (absolute) ’’Hg- Wet Bulb — ®F
Orifice (Z5kH) (^ 0 "H20 Meter 40 3fe>

Water Collection

Final Weight 4^?/ 6% g
-

/*»r

(pl5 .00

Tare Weight 
Net

^IS’% g 

g
Meter Volume 

Vmstd

) jf/iW ■' /J-c

CF O-Oo^ct* 

CF

RESULTS:

Aic, /.2:>

Orsat Analysis
/

yfO

2.753
CO2 j( Volvone (Dry)
02 ^ Volume (Dry)
CO Jt Volume (Dry)
N2 ?s?.^ J Volume (Dry)

ppm Volume (Dry) 
by Draiger tube

1
Initial Water (By Procedure #

H2O
MW

% Volume 

(vet) Dew Point Temp.
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INITIAL MOLECULAR WEIGHT & PERCENT WATER 

CLIENT: Ar<.«> A\as^
SITE: -fe-sbuik
DATE: l^\^Wr

Pressure Temperature
Barometric "Hg ■ Standard op
Static "H20 Duct op
Duct (absolute) *Hg Wet Bulb op
Orifice (^H) 0 "H20 Meter h\ op

Water Collection
Final Weight g
Tare Weight M f ZS g
Net Sf. S'd) g

/*•»?

/ft
Meter Volume 

Vmstd

(aib.oC 12$)

A".//
LcitU ( f<tf,

Cf O.Oola-t^ 
cpe?”*^^

RESULTS:

C02
02
CO
N2

Orsat Analysis
_____ % Volume (Dry)

^.O- % Volume (Dry)
t Volume (Dry) 

% Volume (Dry)ll.io

ppm Volume (Dry) 
by Drager tube

Initial Water (By Procedure #
H2Ot Volume K
MW  (wet) Dev Point Temp.
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i

DATA; Area - C>riW S.Vc 1-

Date ^jia\ %1> Tlae lU\S Run I 1

Description;^ ^ fiw«" iv\cV\ ^#*-^5 c<vr*«,'l'L^ 1
tfy\ A ^&'\e^. a-^P*^ ^u^d. S'cU'a.

Duct Diameter 2^

Rectan^lar duct__

^HgO MW

inches Area 3-H 

X

1.2 i * ^v</* lo* /

Duct Static Pressure 

Standard Conditions 63

_ inches H20 

®F & 29.92 "Hit

.-U

Pitot Tube Coefficient 

_______^ 'S'bcc.^
Ins. 

Trav. From 
Pt. Edge

UfSSlM??S

1 
2 
3

fi.i 4
5
6
7
8 
9

10 
11 
12
13
14
15
16 
17 
10
19
20 
21 
22
23
24

Temp o P Vd 
®F In. ft/sec

%3

1^63

o.«3
Oj0>

j-a
O'CA*
0.0>

ft/sec

Pitot Tube 

Mag Box I 

Randltemp | 5^3

Temp oT Yd 
®F In. ft/sec

<412

VII

•»Ti

0-OZ

o-oS©.OS'
s. oS 0.0^

Temp A P 7d“
®F In. ft/sec

RESULTS;
Average Velocity (Vd) _____
Average Volume Flow Rate Qd 

Volume Flow Rate Qstd(vet) _ 

Volume Flow Rate Ostd(dry) _

FPS Average duct temp. 
ACFK at ®F t

op
"Hg

SCFM at standard conditions 

SXFM at standard conditions
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Page_£l_of 109

mL'Arco • PsWi.
Date lj^i3> Time Run I

Description: ^ e^4^

Duct Dlaaetor ^2lIInches Aren S. iV ft' 

Rectanj?ular duct X _________

?H20 _■ MW

Duct Static Pressure -fo.ou Incbjss H2O 

Standard Conditions % ’F & 29.^2 

Pitot Tube Coefficient ^5?.

Trav.
Pt.

1
2
3I4
5
6 
7 
6 
9

10
11
12
13
!»♦
15
16
17
18
19
20 
21 
22
23
24

Ins.
From
Edge

Temp
®F

OP
In.

1.0 0.03
3.^ 97-2. o.oM
hi o.ofe
io.y iU o.o> 

0 os33.0 0>O^

Vd 
ft/sec

Temp o p V(j 
®F In. ft/sec

Pitot Tube #

Mag Box #

' Randltemp i

i*O.C» c.
Temp o p Vd" 

®F In. ft/sec

I

0.03
O.O^J

ooi
3.0^

o<A
O-0*i

S ■
Temp op V(j “

®F In. ft/sed

RESULTS;
Average Velocity (Vd) _____
Average Volume Flow Rate Qd 

Volume Flow Rate Qstd(wet) _ 

Volume Flow Rate Qstd(dry)

EPS Average duct temp. 
ACFK at ®F A

®F

SCFM at standard conditions 

SDCFM at standard conditions



Page of

ML' . i>r;\l 5.*kVl
Date ^jSlt2> Tlae /^JS~

Descriptlon:

Run I “2^

Ihict Diameter 2^-0

Rectan^lar duct 

JH20 __ _______

inches Area 

X

Duct Static Pressure ^,0 ?» Inches H20 

Standard Conditions (g% ®F & 29.92 "H? 

Pitot Tube Coefficient 
1‘^oak/ ________St7xt\^

Ins. 
Trav. From 
Pt. Edge

1 1.0
2 5.S
3 f.\4 IW.*\
5 zo.$6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

N-U^<.V Vui'^
Temp op Vd 

®F In. ft/sec
(?Oi
OtM
oos0-0*4
<?.05
Oos

Temp op Vd 
®F In. ft/sec

Pitot Tube # 533Q 

MaK Box I

Randltemp | 2Ul4
liiKL^r- ^hxcii^ ■fO.O'ft

Temp ^ Vd 
®F In. ft/sec

1
f^fe’

d03
o-oH
<7.QS’

DOS'
OOM
C-03

Temp op 
®F In. ft/sec

RISULTS;
Average Velocity (Vd) _____
Average Volume Flow Rate Qd 

Volume Flow Rate Qstd(wet) _ 

Volume Flow Rate Qstd(dry) _

FPS Average duct temp. 
ACFK at ®F A

®F

"Hg
SCFM at Standard conditions 

SDCFM at standard conditions
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INITIAL MOLECULAR WEIGHT & PERCENT WATER 

CUENT: ^fco

SITE: C-
DATE: lillo hp^ 123>

Pressure Tenperature
Barometric 2U,i' "Hg Standard OZ ®F
Static "H2O Duct ?.7? ®F
Duct (absolute) "Hg Wet Bulb is. »F
Orifice (^H) 0 "H20 Meter % ®F

Water Collection

Final Weight // g
Tare Weight e

'^>=- 65(^15' 
iss.n-

Meter Volume 0
Net 16 }4s~ e Vmstd

'/rr ^

CF ■' 
rv

RESULTS: /Itfikt

CO2
02
CO
N2

Orsat Analysis

_ % Volume (Dry) 

_ % Volume (Dry) 
'j' 2.,c) % Volume (Dry)

' % Volume (Dry)
ppm Volume (Dry) 
by Draper tube

H2O
MW

Initial Water (By Procedure #

_______ i Volume
_______ (wet) Dew Point Temp,
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I
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INITIAL MOLECULAR WEIGHT ft PERCENT WATER

CLIENT;
SITE: C c./r

DATE: y-2.i^<5:'L

Pressure

/ 2.»5lvr- - 17 50

Tenperature
Barometric "Hg Standard op
Static • ¥0.1-Cn "H2O Duct op
Duct (absolute) -n ?/ "Hg Wet Bulb •— op
Orifice (^H) 00 "H20 Meter op

Water Collection
76^ 3.

mJLFinal Weight 
Tare Weight _______

^2 in

_ fir
C.I g

e

c r

t». 6 ■%, r5“

Meter Volume /y,
Vmstd

CP Odiot-i^> 

PP 9

RESULTS:

C02
02
CO
N2

Orsat Analysis

/r

'5?!^

Volume (Dry) 

JC Volume (Dry) 

% Volume (Dry) 

% Volume (Dry)
ppm Volime (Dry) 
by Draper tube

H2O
MW

Initial Vfater (By Procedure #

_______ i Volume
______  (wet) Dew Point Temp.



I
I

paqe of

INITIAL MOUCULAR WEIGHT t PERCENT VATE-:

CLIENT: //red

SITE: Lr'^'

DATE: /Is-VAr-'W-^ £u^43

Pressure Tenrperature

Barometric l^.L^ "Hg Standard ^V* op
Static ^0.^0

C

1 
1 Duct op

Duct (absolute) ■

"Hg V?t ftilb — op
Orifice (^H) o.n "H2O Meter yr op

Water Collection

Final Weight 
Tare Weight 
Net

IkU^t
g 

g-.2SLL51
Meter Volume 

Vmstd

u«

G%- ih

-■SD.ai
SO.
CF

RESULTS:

CO2
02
CO
N2

Orsat Analysis
/■ V J Volume (Dry) 

{C Volume (Dry) 

f Volume (Dry) 

]{ Volume (Dry)
ppm Volume (Dry) 
by Drager tube

H2O
MW

Initial Water (By Procedure (f

_______ % Volume
_______ (wet) Dew Point Teao.
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pATA;/nyt<. ^ ~CPP!

Tlfflc /!2X> Hun IDate /

Description; Tujo I'‘prcr^i. 3.‘“
fl ^ f-W” t. '•' . ^ hf -.'^V .^ c '.’ • < ^

Duct Diameter ^2.0 inches Area ft^

RectanjTular duct__

U2O MW
_ Sr-' -

. Duct Static Pressure inches R2O

Standard Conditions Cjt ®F 4 29.92 "Hg 

Pitot Tube Coefficient 7f ^

Pitot Tube <'5 .'^ 

Ma<f Box H

Trav.
Pt.

Ins.
From
Edge

1 1
2
3i< v^'<
5

,6
. .7 iiu «v
»'> 8 J

9 ' /.i
> 10 t’-i

11 '^.2.
12 JOC
13
14
15
16
17
18
19
20
21
22
23
24

Handltemp |

‘ L, V/v A"
Temp

op
np
In.
/
J t/o
i;, •-U 
2..‘:35

A (-Q 

I ^

a k?
Z fo 
PW

Vd 
ft/sec

Temp A p Vd ’ 
®F In. ft/sec

Temp A p Vd 
®F In. ft/sec

v?Z

IV
<riz

V-»3
IrfZ,

5i^Z

i ■

•: «wc 
' Hi 
■>.10

Temp A P Yd 
®F In. ft/sec

RESULTS;
Average Velocity (Vd) _____
Average Volume Flov Rate Qd 

Volume Flow Rate Qstd(wet) _ 

Volume Flow Rate Ostd(dry)

FPS Average duct temp. 
ACFM at ®F 4

op

SCFM at standard conditions 

SDCFM at standard conditions
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Date ^/ z,ij<irz
7
Tlae JAl>^ Run I

Description;

Duct Diameter inches Area u'l.iV

Rectan^lar ductj 

<H20________ MW

Duct Static Pressure ¥C.1-U> inches H20 

Standard Conditions ^ \ ®F & 29.92 

Pitot Tube Coefficient

Pitot Tube IT--: 

Ma/? Box #

Rand 1 temp |

Trav.
Pt.

Ins.
Prom

1
2
3
>4
5
6
7
8 
9

10
11
12
13
Ik
15
16
17
18
19
20 
21 
22 
23 
2k

Temp A P

f.r
•

3>/<?

<:.s ^ Ob
fL.t* V WO
:<,0 '• u-s

''
ft. 2.

5 /O
t f 3 00

^.r ?fr
//O

Vd 
ft/sec

Temp ST 
°F In. ft/sec

Temp Sp 
^^P In.

Vd 
ft/sec

T

/.<o
Z.70
Z."-^

2. lo

^ ¥r> 

-<’7d

Temp P Vd 
**P In. ft/sec

RESULTS;
Average Velocity (Vd) _____
Average Volume Plow Rate Qd 

Volume Plow Rate Qstd(wet) _ 

Volume Plow Rate Qstd(dry)

FPS Average duct temp. 
ACPK at ®F

®F

»TIg
SCPM at standard conditions 

SDCPM at standard conditions



I
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DATA LU <:-cPF i
Dat® ^ Time /^IZ Run # S

Description:

Duct Diameter

■CA. 4^ /

n.o
Rectan^lar duct__

?H20 MW

Inches

X

Area

Duct Static Pressure ^o.'fo Inches R20 

Standard Conditions 4C ®F 4 29.92 

Pitot Tube Coefficient O

Pitot Tube g 

MaR Box g ^

Handltemp g
•ZtoM-l

Trav.
Pt.

1
2
3
U
5
6
7
8 
9

10
11
12
13
II4

15
16
17
18
19
20 
21 
22
23
24

Ins.
From
Edge

Temp A P Vd 
®F In. ft/sec

//S' LO

V/gf mS 5 w %<0
yi.8 ^it 3.2.0

;^o W JLO
3.10

HUM 3. to
■/HO 3.at?
rf-l 3.10
i.'-5 yi2 y.io
UlU i-Oo

eiZ' 2 %0

Temp AP yj 
®F In. ft/sec

• /h -f
Temp AP VJ 

®F In. ft/sec

I

•ftlo
rf^i

/AO 

a.10

z%->
^'So 
2.tJ 
z- i?o

Temp u F Vd 
®F In. ft/sec

RESULTS:
Average Velocity (Vd) _____
Average Volume Flow Rate Qd 

Volume Flow Rate Qstd(wet) _ 

Volume Flow Rate Qstd(dry)

FPS Average duct temp. 
ACFM at ®F &

®F

"Hg
SCFM at standard conditions 

SDCFM at standard conditions
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APPENDIX 5

I Wet Test Equipment Calibration Data

¥

J



PITOT TUBE CALIBRATION DATA

PITOT TUBE IDENTIFICATION NUMBER 
PITOT TUBE TYPE /k>lJ^

Page 92 of 109

CALIBRATED B 
DATE ?/<

» g~pA 4 TpB , ^ yf ^

A SIDE CALIBRATION

RUN STD • (S) (S) DEV.

1 0.1% o.to 0 .A/OZ.

2 O.^T> 0.19 “0.0 0 p?

3 d.rf t 0 O.i03 6. 0 0 7
TpA avg.

STANDARD DEVIATION OF AV6. DEV. « d-OOZ (Must be <.02)

B SIDE CALIBRATION

RUN : ^’’STD (S) 'p (S) DEV.

1 i tf.l? 0. 20 6-77? -/Oe 00 (

2 o,so 0.11 1 0.7? 7 *0.00 2^

3 \f to__ 0-?c3 t.ooH
1
4 rpg^.iTl AVG. .^.06-

I fp , - ITp . I 
CALCULATIONS:

3

O.Qt> __ . (Must be <.01) 

AVERAGE OEVIATIOH f | Cp (3) - ^ „ g, j (Hust be <.01V

DEVIATION (MV.) . Cp ,5, - tp (g „ g,

\n^'P (S) 'P (STD) (STD) •
--- .
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^TJ£

1 di Ca£Aet,.
t. 3’ 3fy’ A>ft70< /yic/zyc

4f ,C^n.
; A^d79<

Cjct 
' />

9-///3 i !
i

1 o . ^ 1 1

oo 'fi' j lo-i i
kxo i '/o '■■ /. 4) 1- •

•/.oo 1 /.n^ !

b£o
3.do

T-yy
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I
' /.a/

f.»f
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1

br<j 2./? /.o /
A? ^ /.p / ■
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APPENDIX 6

Instrument Calibration Data and Recorder Strip Charts
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INSTRUMENT AND CALIBRATION DATA

Analyzer Range

Type; NO/NOx 1
Manufacturer; Monitor Labs 

Model; 8430
Serial #: 66

Type;
Manufacturer; Taylor 

Model; 580
Serial #; 580110100-63

0-25%

y Ambient Air (Drierite packed tube)
}/ Cylinder #CAL7232 (See certification data)

Zero Gas Span Gas

0-500 ppm Ambient Air 92.35

NOx Ambient Aii

,!
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CERTIFICATE OF ANALYSIS - EPA PROTOCOL GASES*
(Concentrations are in mole % or ppm)

1
Certified Accuracy_____ .% NBS Traceable Analysis Oates; First.

U/14/83 8/3/83

COMPONENTS
CERTIFIED EXPIRATION ANALYTICAL

PRIMARY
STANDARD
NBS/SRM's

REPLICATE 
CONCENTRATIONS 

FIRST SECOND

nUIJTJR DIOXIDE 48.80 ppm 2/3/84 ELECTRO-CHEMICAL 1694. 1693 48.80 ppm 48.80 ppm
^ITRIC OXIDE 92.35 ppm ^ 2/3/84 CHEMILUMINESCENCE 1683. 1684 92.34 ppm 92.36 ppm

NITROGEN BALANCE

he

I-

fi

'Cvlindcr Nurritwr rtprtifipH Amiracv % NBS Traceable Analysis Oates; First. Las I_|yi, Number

PRIMARY REPLICATE
j 1c! CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS

COMPONENTS CONC DATE PRINCIPLE NBS/SRM's FIRST SECOND

•oOi
in
(Tl

*We hereby ce^y the cylinder gas has been analvafd ^cording to EPA Protocol No;

Analyst Approved By

o
.sc

PENROSil HALLOWELL, '-------^ TltJOUib T.
Th« only liability ol litit Company Ipi fat wbteb Idla «• comply wllh inli analyiit (hall be replacement ihereol by the Company wllhoul antra cost.

CERTIFIED REFERENCE MATERIALS ■ EPA PROTOCOL GASES ■ ACUBLEND^'■ CALIBRATION N SPECIALTY GAS MIXTURES
PURE GASES ■ ACCESSORY PRODUCTS ■ CUSTOM ANALYTICAL SERVICES 

TROY. MICHIGAN t SAN BERNARDINO. CALIFORNIA
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CHART ^O. 0100-0025
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CHART NO. 0100-0025









Page 105 of. JO9

CHART NO. 0100-0025
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CHART NO. 0100-002!



Page 107 of 109

APPENDIX 7

Sampling Photos
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HEATER DS 1-Y

#■, if

Analyzers, manifold and conditioning train (bottom)
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KnmIglS^ K.. i

:r r

I—#

Heater stack. Analyzer van below
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TURBINE CPF-1 (C2101C)

Velocity Traverse

-if>"

Wet Sampling Equipment (L) and Analyzer Conditioning Train (R)
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